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Description

[0001] The present invention relates to duplex com-
munications systems, and to a method of establishing
a digital time-division duplex radio communication link
between one of a plurality of portable units and one or
more base units forming a cordless telephone system.
The invention is directed particularly at the interference
problem created by the use of an unsynchronised trans-
mission in the presence of synchronised systems.
[0002] Such a system is shown, in its simplest form,
in Figure 1 of the accompanying drawings to which ref-
erence will now be made. The system illustrated com-
prises a fixed part in the form of a base unit 1, and two
portable parts in the form of respective handsets 2,3.
Each handset comprises an earpiece, microphone and
keypad, this latter being shown diagrammatically under
reference 4. In addition, each handset contains a re-
spective radio transmitter/ receiver (transceiver) and as-
sociated aerial 6,7 by which the handsets may commu-
nicate with the base unit by radio, as represented by the
dotted lines 8,9. The base unit likewise contains a
number of transceivers at least equal to the number of
handsets, together with an aerial 5 for transmission and
reception of radio signals from the handsets. The hand-
sets may communicate with each other, but only via the
base unit. The base unit also includes a hardwired con-
nection 10 to the external telephone system, and con-
tains interface circuitry for interfacing the base unit
transceiver to the external telephone line. Although only
two handsets are shown, this is to be taken as an ex-
ample of the simplest system and many more handsets,
up to the capacity of the system, may be provided.
[0003] The present invention is concerned with sys-
tems of the type illustrated in Figure 1, in which the
speech and other information to be transmitted between
the base unit and the handsets is digitally encoded be-
fore transmission, is transmitted as a digital signal, and
is decoded after reception to reproduce the original. A
limited number of radio channels are allocated for the
radio links 8,9 and it is clearly therefore preferable to
utilise the same channel for both ends of a radio link - i.
e. duplex communication. Each transceiver in the sys-
tem will be able to transmit and receive on a number of
these channels, if not all.

[0004] Indigital second generation (CT2) cordless tel-
ephone systems, burst mode duplex is used to provide
full duplex speech on a single channel. This essentially
means that each transmitter has to compress the en-
coded speech from a particular time interval (called the
burst period) down to just under half that interval (called
the burst duration) in order to transmit the encoded
speech and have time to receive the returning encoded
speech in the other half of the burst period. This action
is commonly called ping-pong transmission mode. it
should be noted that the encoded speech corresponds
to the speech from the entire burst period and on recep-
tion is expanded to its normal representation as contin-
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uous speech.

[0005] There is a need for a common protocol for the
exchange of signals, primarily control and synchronising
signals, between the fixed and portable parts of the sys-
tem. In the case of CT2, such a protocol, known as a
common air interface (CAl), has been agreed and is de-
scribed in detail in international patent application
WO90/09071. A knowledge of the contents of this ap-
plication is desirable for a full understanding of the
present invention. The present applicant's own air inter-
face, a variant of the common air interface is described
in European patent application 0375361.

[0006] In the agreed protocol, exchange of signals is
by way of three distinct transmitted burst signal patterns
or structures exchanged between the fixed and portable
parts of the system. These different burst structures are
known respectively as MUX3, MUX2 and MUX1, the ac-
ronym "MUX" standing for multiplex. In addition, the
agreed protocol defines three subchannels to be multi-
plexed within the available data bandwidth:-

i) a signalling channel (D channel);

ii) a speech channel (B channel;

iii) a burst synchronisation channel (SYN channel)
containing bit and burst synchronising information.

[0007] The structure of the various multiplexes is de-
scribed in detail in the above-mentioned patent applica-
tions. Briefly the arrangement of sub channels within the
multiplexes is as follows:

[0008] MUX1 is used bi-directionally over an already-
established link between a portable part and a fixed part
to carry the D and B channels. There are no SYN chan-
nel bits in MUX1. MUX1 supports both the 66 bit and 88
bit length burst structures defined in the protocol: MUX
1.4 is 68 bits long, having 64 B bits, with 2 D bits at either
end; and MUX1.2 is 66 bits long, having 64 B bits, with
1 D bit at either end.

[0009] MUX2 is used for link establishment, and for
re-establishment of a previously-broken link. MUX2
comprises 34 bits in the SYN channel sandwiched be-
tween 32 bits (16 at each end) in the D channel - i.e. 66
bits long. There are no B channel bits in MUX2.

[0010] MUX3is usedfor link establishment and re-es-
tablishment in the direction portable part to fixed part
only. A representation of MUX3 is shown in Figure 2 and
will be seen to comprise seven frames, numbered 1 to
7 down the right-hand side, each 144 bits long, and of
which the first five frames (1 to 5) are transmitted in se-
quence. The order of bits within each of frames 1to 5 is
from left to right in the diagram. The first four frames, 1
to 4, contain D-channel bits, and comprise 20 bit D-
channel words each split into two 10-bit sections sur-
rounded by preamble (P) bits. The fifth frame comprises
24 SYN channel bits surrounded by 24 preamble (P) bits
(12 at each end). During frames 6 and 7, the transceiver
in the portable part listens for a response from a fixed
part. The sequence then repeats.
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[0011] The MUX3 sequence thus comprises 5 trans-
mission bursts, lasting for a total of 10 ms, followed by
two transmission-off burst periods lasting for 4 ms dur-
ing which the transceiver is in receive mode. In practice,
this sequence is repeated for a period of at least 750
ms, or until a link is established.

[0012] This use of a multiple repeat transmission to
set up a link is known, and the MUX3 protocol just de-
scribed is but one example of this. In the case of the
CT2 protocol, the fixed part is restricted as to which re-
ceive window it may use to receive transmissions from
the portable part. The portable part must therefore trans-
mit in a manner suitable for an arbitrary window and pre-
viously this has implied an unsynchronised transmis-
sion.

[0013] In the present invention, the synchronism of
the system is deduced, and used to adjust the timing of
the previously unsynchronised transmission to make it
effectively synchronous without actually changing its
form. The technique can be used both for initial estab-
lishing of the two-way link, and for re-establishment of
an existing link which has failed.

[0014] In dense usage environments communica-
tions systems are synchronised so that the AM (ampli-
tude modulation) splatter caused by the repeated
switching on and off of transmissions occurs in a "guard
band" which is maintained between the termination of
transmission from one part of the system and the start
of transmission from the other part of the system. Thus
the splatter is rendered harmless. However, the use of
an unsynchronised call up transmission, such as MUX3,
at the time of establishing or re-establishing a link caus-
es interference because the AM splatter does not nec-
essarily occur in the guard band, but at arbitrary times
throughout the reception phase of the rest of the system.
[0015] The practical effect of the present invention is
that it is now possible to pre-synchronise the call-up
transmission. For example, in the case of MUXS3, the
transmission comprises a 10 ms transmit, followed by a
2 ms receive. Since the frame rate of the CAl CT2 sys-
tem is 2 ms (144 bit frame size) then, provided that one
of the on/off transitions of MUX3 is aligned with the sys-
tem guard band, the opposite transition will also be
aligned because the MUX3 transmission can be consid-
ered as blocks of the same size (2 ms; 144 bits) as the
system frame rate. In this way, MUX3 becomes synchro-
nised to the system guard band and therefore ceases
to be an asynchronous interference source with the det-
rimental effects of splatter.

[0016] In orderto enable synchronisation to be effect-
ed, the unit, normally the portable part, which is to trans-
mit the call-up signal is set to receive a suitable synchro-
nisation signal which is used to synchronise the call-up
signaltothe rest of the system. This synchronisation sig-
nal can be derived in various ways. Preferably the syn-
chronisation signal is taken from an existing signal
which is being transmitted within the system. For exam-
ple an existing call elsewhere on the system can be used
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to derive synchronisation information. Alternatively an
agreed off-air synchronisation signal could be used,
such as a standard time and frequency reference signal.
As a still further, and currently preferred, alternative an
existing system beacon signal could be used to supply
the synchronisation information to the portable part.
[0017] A system beacon signal is sent out by one or
all of the fixed units on one channel of the band, and is
primarily intended as a range indicator to let a portable
unit know when it is in range, and this enables the port-
able unit to log onto the base unit. In the CT2 CAIl sys-
tem, the beacon signal, if present, comprises continu-
ous multiple repeats of MUX2 and thus contains the syn-
chronisation information which a portable unit needs to
establish synchronisation for its call-up signal, be this
MUXS3 or equivalent.

[0018] In order that the invention may be better un-
derstood, an embodiment thereof will now be described
by way of example only and with reference to Figure 3
of the accompanying drawings in which:-

Figure 1 is a block diagram showing the simplest
form of communications system with which the
present invention is concerned,;

Figure 2 is a diagram of the signal pattern used in
the call-up signal under the MUXS protocol; and
Figure 3 is adiagram of the RF waveform envelopes
used in atypical communications system of the type
shown in Figure 1: Figure 3A shows an unsynchro-
nised call-up sequence, Figure 3B shows the nor-
mal ping-pong sequence used once a link has been
set up, and Figure 3C shows a synchronised call-
up sequence in accordance with the present inven-
tion.

[0019] Using as an example the MUX1/2/3 protocol
briefly described above, the procedure to establish a
new link would in detail be as follows:-

1) The portable part learns the synchronisation of
the target system, for example from a system bea-
con transmitting MUX2 on one of the channels of
the band.

2) Optionally the portable part may adjust its fre-
quency to that of the system.

3) The portable unit selects a channel on which to
make its call to the fixed part. There are various
ways in which this selection can be made, but these
are known, and will not be described.

4) The portable unit sets the phase of its MUX3 call-
up transmission to coincide with that of the system,
ensuring that the disruption to the system is mini-
mised by centering the AM splatter within the sys-
tem guard band. The optimum setting is approxi-
mately such that the 5th bit of the MUXS3 transmis-
sion occurs at the same time as the first valid data
bit in MUX2.

5) The portable part transmits MUX3 in the same
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way as hitherto.

6) Optionally the portable part checks synchronisa-
tion at suitable intervals to permit any drift to be cor-
rected. For CT2 CAl the worst case drift in the sys-
tem without step 2 would incur 7.2 bits of drift per
second. Approximately 1 bit of drift could be toler-
ated before the onset of some degradation. With
step 2 included a much longer period would elapse
before the critical amount of drift had occurred.

[0020] For link re-establishment after failure of an ex-
isting link the same procedure may be used as de-
scribed above, but with the additional option of using the
originally set-up link (i.e. the link as it existed before fail-
ure) as the source of synchronisation in step 1, rather
than the system beacon. Synchronisation information
can be constantly stored within the fixed part for this pur-
pose, and used to synchronise the re-established link.
[0021] The procedure described above is fully com-
patible with non-synchronising systems and simply falls
back to the non-synchronised method in the absence of
a suitable system synchronisation reference - i.e. only
steps 3 and 5 above are invoked.

[0022] The attached Figure 3 is a timing diagram il-
lustrating the above-described techniques. The drawing
is divided horizontally into 3 parts: Figure 3A illustrates
the unsynchronised MUX3 call-up signal from the port-
able part; Figure 3B illustrates the transmission of MUX1
or MUX2 from a fixed part; and Figure 3C illustrates the
MUXS transmission from the portable part, synchro-
nised in the manner discussed above with the base unit
transmissions.

[0023] In Figure 3, the taller blocks represent bursts
of transmission and the shorter blocks represent recep-
tion windows. In between transmission and reception
blocks the graphs fall to zero and rise again to represent
diagrammatically the changeover from one mode to an-
other, this in between period comprising the above-re-
ferred to guard band. The top waveform (Figure 3A) is
unsynchronised with the MUX1 or MUX2 waveform rep-
resented in the centre part of the drawing (Figure 3B)
and it will be seen that all three guard bands 11, 12 and
13 in the change-over from MUXS3 transmission 14 to
reception 15 occur during reception windows 16 of the
MUX1/MUX2 waveform illustrated in Figure 3B, thus re-
sulting in am splatter. By contrast, the bottom waveform
(Figure 3C) is synchronised with the MUX1/MUX2
waveform illustrated in Figure 3B, so that any interfer-
ence occurring during the changeover from transmis-
sion to reception in MUX3 is rendered harmless.
[0024] It will be noted that the total length of a single
transmission burst and reception window, together with
associated guard bands, amounts to one frame, having
aperiod of 2ms. This is a submultiple of the MUX3 trans-
mission burst (10 ms) and MUXS3 reception window (4
ms) and thus enables the call-up signal guard bands and
the normal ping-pong communications signal guard
bands to be brought into synchronism, as illustrated with
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reference to Figure 3B and Figure 3C.

Claims

1. A method of establishing or re-establishing a digital
time-division duplex radio communication link be-
tween one of a plurality of portable units (2,3) and
one or more base units (1) forming a cordless tele-
phone system, said method comprising sending a
call-up signal from one of the portable units (2,3) to
the base unit or units (1), or vice versa, in order to
establish or re-establish a two-way radio link be-
tween said one portable unit and one of the base
units, said method being characterised in that, prior
to sending out such a call-up signal, the unit (2,3)
which is to send the call-up signal deduces the syn-
chronism of the system, and adjusts the timing of
the call-up signal so as to make it effectively syn-
chronous with the system.

2. A method as claimed in claim 1 wherein the unit
(2,3) which is to send the call-up signal is set to re-
ceive a synchronisation signal, which signal acts to
synchronise the call-up signal to the rest of the sys-
tem.

3. A method as claimed in claim 2 wherein, upon re-
ceiving said synchronisation signal, the unit (2,3)
which is to send the call-up signal sets the phase of
its call-up signal to coincide with that of the system.

4. A method as claimed in claim 3 wherein said syn-
chronisation signal is derived from an existing sig-
nal which is being transmitted within the system.

5. A method as claimed in claim 4 wherein said exist-
ing signal is derived from an existing call elsewhere
on the system.

6. A method as claimed in claim 3 wherein said syn-
chronisation signal takes the form of an agreed off-
air synchronisation signal.

7. A method as claimed in claim 6 wherein said off-air
synchronisation signal is a standard time and fre-
quency reference signal.

8. A method as claimed in claim 3 wherein said syn-
chronisation signal is derived from a system beacon
signal which is transmitted continuously by one or
more of the units (2,3) belonging to the system.

9. Amethod as claimed in claim 8 wherein said system
beacon signal is transmitted by one or more of the

base units (1) in the system.

10. A method as claimed in any one of the preceding
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claims wherein communication between the porta-
ble units (2,3) and base units (1) within the system
takes place by means of bursts of transmission and
reception windows, occurring alternately, with a
short time period (11,12,13), referred to as the
guard band, between the end of transmission (14)
and the start of reception (15), and between the end
of reception and the start of the next transmission,
and wherein the call-up signal comprises a call-up
transmission burst alternating with a reception win-
dow with a guard band in between, the method be-
ing operable to adjust the timing of the call-up signal
such that each of its guard bands coincides in time
with a system guard band.

A duplex communications system incorporating ap-
paratus for carrying out the method as claimed in
any one of the preceding claims, said apparatus
comprising means for sending said call-up signal
from said one of the portable units (2,3) to said base
unit or units (1), or vice versa, in order to establish
or re-establish the two-way radio link between said
one portable unit and one of the base units, and
wherein the unit (2,3) which is to send the call-up
signal includes means for deducing the synchro-
nism of the system prior to sending out the call-up
signal, and adjusting the timing of the call-up signal
so as to make it effectively synchronous with the
system.

Patentanspriiche

1.

Verfahren zum Herstellen oder Wiederherstellen ei-
ner Zeitduplex-Nachrichtenverbindung zwischen
einer aus einer Vielzahl von tragbaren Einheiten (2,
3) und einer oder mehreren Basis-Einheiten (1) fir
ein schnurloses Telefonsystem, bei dem ein Anruf-
signal aus einer der tragbaren Einheiten (2, 3) an
die Basis-Einheit oder Basis-Einheiten (1), oder
umgekehrt, gesendet wird, um eine Zweiwege-Ver-
bindung zwischen der einen tragbaren Einheit und
einer der Basis-Einheiten herzustellen oder wieder
herzustellen, dadurch gekennzeichnet, daf3 vor
dem Senden eines solchen Anrufsignales die Ein-
heit (2, 3), die das Anrufsignal senden soll, den Syn-
chronismus des Systems herleitet, und die Zeit-
steuerung des Anrufsignals so einstellt, daB3 sie ef-
fektiv synchron mit dem System gemacht wird.

Verfahren nach Anspruchi, bei dem die Einheit (2,
3), die das Anrufsignal senden soll, so eingestellt
wird, daB3 sie ein Synchronisiersignal empfangt, das
in der Weise wirkt, daf3 das Anrufsignal mit dem lb-
rigen Teil des Systems synchronisiert wird.

Verfahren nach Anspruch 2, bei dem beim Empfan-
gen des Synchronisiersignals das Signal (2, 3), das
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10.

11.

das Anrufsignal senden soll, die Phasenlage des
Anrufsignals so einstellt, daf3 sie mit der des Sy-
stems zusammenfallt.

Verfahren nach Anspruch 3, bei dem das Synchro-
nisiersignal aus einem vorhandenen Signal abge-
leitet wird, das innerhalb des Systems iibertragen
wird.

Verfahren nach Anspruch 4, bei dem das vorhan-
dene Signal aus einem vorhandenen Anruf an ir-
gendeiner Stelle des Systems abgeleitet wird.

Verfahren nach Anspruch 3, bei dem das Synchro-
nisiersignal die Form eines vereinbarten Off-Air-
Synchronisiersignals annimmit.

Verfahren nach Anspruch 6, bei dem das Off-Air-
Synchronisiersignal ein Standard-Zeit- und Fre-
quenz-Bezugssignal ist.

Verfahren nach Anspruch 3, bei dem das Synchro-
nisiersignal aus einem System-Bakensignal abge-
leitet wird, das laufend von einer oder von mehreren
der dem System zugehdrigen Einheiten (2, 3) Gber-
tragen wird.

Verfahen nach Anspruch 8, bei dem das Bakensi-
gnal des Systems von einer oder mehreren der Ba-
sis-Einheiten (1) im System Ubertragen wird.

Verfahren nach einem der vorausgehenden An-
spriche, bei dem die Nachrichtenverbindung zwi-
schen den tragbaren Einheiten (2, 3) und den Ba-
sis-Einheiten (1) innerhalb des Systems mit Hilfe
von Impulsen von abwechselnd auftretenden Uber-
tragungs- und Empfangs-Fenstern mit kurzer Zeit-
periode (11, 12, 13), die als Uberwachungsband be-
zeichnet werden, zwischen dem Ende der Ubertra-
gung (14) und dem Beginn des Empfangs (15) und
zwischen dem Ende des Empfangs und dem Be-
ginn der nachsten Ubertragung stattfindet, und bei
dem das Anrufsignal einen Anruf-Ubertragungs-Im-
puls aufweist, der sich mit einem Empfangs-Fen-
ster mit einem Uberwachungsband dazwischen &n-
dert, wobei das Verfahren zum Einstellen der Zeit-
steuerung des Anrufsignals so durchgefiihrt wird,
daB jedes der Uberwachungsbéander zeitlich mit ei-
nem Uberwachungsband des Systems zusammen-
trifft.

Duplex-Nachrichtenverbindungssystem mit einer
Einrichtung zum Durchfihren des Verfahrens nach
einem der vorausgehenden Anspriche, die ge-
kennzeichnet ist durch eine Vorrichtung zum Sen-
den des Anrufsignals aus einer der tragbaren Ein-
heiten (2, 3) in die Basis-Einheit oder Basis-Einhei-
ten (1) oder umgekehrt, um die Zweiweg-Nachrich-
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tenverbindung zwischen der einen tragbaren Ein-
heit und einer der Basis-Einheiten aufzubauen, und
bei der die tragbare Einheit (2, 3) die das Anrufsi-
gnal senden soll, eine Vorrichtung zum Herleiten
der Synchronisierung des Systems vor dem Sen-
den des Anrufsignals und zum Einstellen der Zeit-
steuerung des Anrufsignals aufweist, damit sie ef-
fektiv synchron mit dem System gemacht wird.

Revendications

Un procédé d'établissement ou de rétablissement
d'une liaison de communication radio numérique en
duplex a répartition temporelle entre une unité dé-
finie d'une série d'unités portables (2, 3) et une ou
plusieurs unités de base (1) formant un systéme de
téléphonie sansfil, ledit procédé comprenant I'envoi
d'un signal d'appel a partir de I'une des unités por-
tables (2, 3) vers l'unité ou les unités de base (1),
ou vice versa, afin d'établir ou de rétablir une liaison
radio bidirectionnelle entre ladite unité portable dé-
finie et I'une des unités de base, ledit procédé étant
caractérisé en ce que l'unité qui doit envoyer le si-
gnal d'appel déduit le synchronisme du systéme,
avant l'envoi d'un tel signal d'appel, et ajuste alors
le cadencement du signal d'appel de fagon a le ren-
dre effectivement synchrone avec le systéme.

Un procédé selon la revendication 1, dans lequel
I'unité (2, 3) qui doit envoyer le signal d'appel est
agencée de maniére a recevoir un signal de syn-
chronisation, signal qui intervient pour synchroniser
le signal d'appel avec le reste du systéme.

Un procédé selon la revendication 2, dans lequel
I'unité (2, 3) qui doit envoyer le signal d'appel, a ré-
ception dudit signal de synchronisation, établit la
phase de son signal d'appel pour qu'elle coincide
avec celle du systéme.

Un procédé selon la revendication 3 dans lequel le-
dit signal de synchronisation est dérivé d'un signal
existant qui est en cours de transmission a l'inté-
rieur du systéme.

Un procédé selon la revendication 4 dans lequel le-
dit signal existant est dérivé d'un appel existant
ailleurs dans le systéme.

Un procédé selon la revendication 3 dans lequel le-
dit signal de synchronisation prend la forme d'un si-
gnal convenu de synchronisation hors conversa-
tion.

Un procédé selon la revendication 6 dans lequel le-
dit signal de synchronisation de pause est un signal
de référence de temps et de fréquence normalisé.
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8.

10.

11.

Un procédé selon la revendication 3 dans lequel le-
dit signal de synchronisation est dérivé d'un signal
de balise du systéme qui est transmis en continu
par une ou plusieurs des unités (2, 3) qui appartien-
nent au systéme.

Un procédé selon la revendication 8 dans lequel le-
dit signal de balise du systéme est transmis par une
ou plusieurs des unités de base (1) dans le systé-
me.

Un procédé selon 'une quelconque des revendica-
tions précédentes dans lequel une communication
entre les unités portables (2, 3) et les unités de base
(1) a l'intérieur du systéme s'effectue au moyen de
salves d'émission et de fenétres de réception qui se
produisent en alternance, en ménageant un bref
laps de temps (11, 12, 13), appelé la bande de gar-
de, entre la fin de I'émission (14) et le début de la
réception (15) et entre la fin de la réception et le
début de I'émission suivante, et dans lequel le si-
gnal d'appel comprend une salve d'émission d'ap-
pel qui alterne avec une fenétre de réception en mé-
nageant entre elles une bande de garde, ce procé-
dé pouvant étre mis en oeuvre pour ajuster la syn-
chronisation du signal d'appel de fagon que chacu-
ne des bandes de garde coincide dans le temps
avec une bande de garde du systéme.

Un systéme de communications en duplex incorpo-
rant un appareil de mise en oeuvre du procédé se-
lon l'une quelconque des revendications précéden-
tes, ledit appareil comprenant un moyen d'envoi du-
dit signal d'appel, a partir de ladite unité définie par-
mi les unités portables (2, 3) & ladite unité ou auxdi-
tes unités de base, ou vice-versa, afin d'établir ou
de rétablir |a liaison radio bi-directionnelle entre la-
dite unité portable définie et I'une des unités de ba-
se, et dans lequel l'unité (2, 3) qui doit envoyer le
signal d'appel inclut un moyen destiné a déduire le
synchronisme du systéme avant I'envoi du signal
d'appel, et & ajuster alors le cadencement du signal
d'appel de fagon a le rendre effectivement synchro-
ne avec le systéme.
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